Notwithstanding the advantages of providing definitive diagnoses, the identification of fungi based on histopathological determination can be difficult and may lead to a pit of diagnoses. Therefore, the establishment of an auxiliary diagnostic method for use in routine pathological laboratories is desirable and should improve the above situation. Our previous studies have shown the superiority of in situ hybridization（ISH）for the detection of pathogenic fungi in histological specimens. This review focuses on the usefulness of ISH in the detection and identification of pathogenic fungi from formalin-fixed and paraffin-embedded（FFPE）tissue sections, and provides an overview of ISH for the diagnosis of fungal infection and retrospective autopsy analysis using molecular procedures. Based on the above, peptide nucleic acid（PNA）probes were shown to be superior in terms of the detection of target fungi and useful since histopathological diagnosis has the potential danger of being incorrect in the identification of fungi. In conclusion, we wish to emphasize that histopathological diagnosis in combination with molecular methods such as ISH and polymerase chain reaction（PCR）of FFPE samples should enhance the accuracy of identification in relation to fungi.
Overview of ISH for diagnosis of fungal infection
The objective of this discussion is to evaluate the technical aspects of in situ hybridization（ISH） for the diagnosis of fungal infection. ISH allows staining of fungi on a microscope slide by hybridization with labeled probes complementary to unique target sites on the rRNA gene and/or rRNA and the selected gene. To These studies involved the use of ISH directly with blood culture specimens. Recent work from our laboratory demonstrated the efficacy of the procedure using PNA probes with formalin-fixed and paraffin-embedded tissue（FFPE）sections 13） .
In our first approach, we confirmed that PNA probes required shorter hybridization times than ds DNA probes 17） . In such investigations, the 28S rRNA sequence was generally selected as the detection target since its large size may reveal favorable differences of identification when distinguishing closely related organisms 1） . Furthermore, it has been accepted that high copy numbers of ribosomal genes are present in fungi, which can be transcribed into rRNA. However, major problems include the degradation of rRNA by intracellular RNases associated with the in situ detection of rRNA in FFPE tissue sections which are difficult to remove from tissue specimens, and the masking of target nucleic acids caused by formalin tissue fixation. Hence, an assessment of the integrity and hybridizability of the target RNA should be undertaken prior to the implementation of ISH since loss of rRNA or the failure of probes to access processed tissue sections can cause erroneous results. In our recent study, we designed a panfungal PNA probe and confirmed that the intensity of the ISH signals of this probe was similar to those of genus-specific probes 13） . These findings suggest that employment of ISH with a panfungal probe may be useful in the confirmation of maintained hybridizable rRNA for the specific detection of human pathogenic fungi. On the other hand, ISH techniques using DNA as the target have an advantage given the greater biochemical and physicochemical stability of DNA relative to RNA. It was shown, for example, that use of ISH with a DNA probe prepared against the alkaline . For this reason, in an effort to increase the sensitivity of ISH, long ds DNA probes were labeled at a high density with hapten such as digoxigenin（DIG） and/or FITC, and the hybrid was subsequently immunohistochemically detected with an antihapten antibody and horseradish peroxidasepolymer conjugate.
To date, several strategies such as catalyzed reporter deposition（CARD）have been developed to increase the detection signals of nucleic acids 21） . However, use of high-performance detection systems like this technique tends to be associated with increased background signals caused by cross-reaction with other tissue elements, and adjustment of the hybridization and stringency wash conditions is difficult. In short, in addition to improving the sensitivity of the ISH procedure, it is also important that efforts be made to standardize this protocol. ISH possesses various technical and conceptual problems, and those factors which can influence the detection of target nucleotide sequences include the nature of the fixative, hybridization temperature, formamide concentration in hybridization buffer, NaCl concentration in wash solution, probe sequence, and nature of the probe. Limitations in the use of ISH in the diagnosis of fungal infections in FFPE specimens can result from physical and chemical alterations of the nucleic acids, which affect the sensitivity and specificity of ISH. It is anticipated that new strategies will be developed in future which will improve the aforementioned methodological factors. Furthermore, it is essential that the ISH procedure be established as a laboratory diagnostic technique for the diagnosis of fungal infection.
A retrospective autopsy survey using supplemental procedures of molecular methods PCR and ISH were performed to identify fungi in a total of 59 autopsy specimens（49 patients） . In an effort to assess the integrity of the nucleic acid, PCR targeting the human β-globin gene 22） 
Contributions
MS and YO conceptualized this study, sampled publications, integrated the data, and wrote the manuscript as major and equal contributors to the work. DS, HN, and TI sampled publications and extracted raw data from English and Japanese publications and integrated the data; SM advised the first author on ISH; NT, MW and TN sampled publications, carried out the histopathological evaluation, integrated the data; KS also integrated the data, carried out the histopathological evaluation, and gave final approval of the manuscript as a corresponding author. All authors contributed to conceptualizing and writing this study. Furthermore, all authors read and approved the final manuscript.
